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1 

Pr d ^ the biolo gic nnrification of waste water 

This invention relates to a process for the biological purification 
5 of waste water by the active sludge method, wherein the waste water 
is contacted with microorganisms in two treatment zones by being 
alternatingly introduced into said treatment zones and being treated 
under alternating anoxic and aerobic conditions and wherein the 
waste water thus treated is introduced into a clarification zone to 
10 separate sludge, at least a part of the separated sludge being 
recycled and mixed with non-treated waste water. 

GB patent specification No. 1404565 discloses a process of the 
above-mentioned type. This prior art process permits an efficient 
15 removal of nitrogen at a relatively low energy consumption. The 
nitrogen removal is based on a nitrification followed by a denitn- 
fication. 

The nitrification which is effected under aerobic conditions compri- 
20 ses the oxidation of nitrogen in the form of ammonia so as to form 
nitrate. The nitrification process can be represented as follows: 

bacteria 

NH 3 + C0 2 + 0 2 - N0 3 + new bacteria. 

25 The denitrification which is effected under anoxic conditions 
involves the decomposition of organic matter using nitrate ions as 
oxidant. As a result of the decomposition nitrate ions are reduced 
to free nitrogen which is liberated in gaseous form. 

30 The denitrification can be represented as follows: 

bacteria . , . 

N0 3 + organic matter - N 2 (gas) + new bacteria . 

Under aerobic conditions an oxidation of the organic matter contai- 
35 ned in the waste water is also effected. This reaction can be 
represented as follows: 

bacteria . 
Organic matter + 0 2 - C0 2 + H £ 0 + new bacteria 
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As mentioned above, nitrification in the presence of organic matter 
causes the organic matter to decompose. This is inconvenient as 
organic matter is a prerequisite for carrying out the denitrifica- 
tion. 

As will appear from the above, the bacterial processes in question 
are processes wherein the bacteria use carbon for their reproduction 
which carbon is supplied by C0 2 in the nitrification process and in 
the two other processes by the carbonaceous material contained in 
the crude waste water. 

The above described biological purification process has been further 
developed as described in DE patent application No, 3427310.7. In 
this purification method the waste water is contacted with micro- 
organisms in a first treatment zone under anaerobic conditions 
before it is subjected to alternating anoxic and aerobic conditions 
and the sludge from the clarification zone is recycled to the first 
treatment zone. 

Apart from an efficient nitrogen removal such process affords 
satisfactory phosphorus removal. 

The phosphorus removal is caused by the activity of two types of 
bacteria, viz: 

(a) phosphorus accumulating bacteria, and 

(b) non-phosphorus accumulating bacteria. 

During the anaerobic treatment of the waste water the phosphorus 
accumulating bacteria containing accumulated polyphosphate absorbs 
the low molecular organic matter which is stored, e.g. as polyhydro- 
xy butyrate (PHB), the relatively energy rich polyphosphate being 
used as an energy source. This results in the formation of ortho- 
phosphate ions which are liberated to the aqueous medium in the 
anaerobic treatment zone. 

During the subsequent aerobic treatment of waste water the accumula- 
ted and hydrolyzed suspended organic matter is oxidized and the 
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energy thus liberated is used partly for the growth of the micro- 
organisms and partly for the accumulation of orthophosphate ions 
from the aqueous medium in the phosphate accumulating bacteria in 
the form of polyphosphate. Thus, dissolved phosphate is removed from 
the waste water. 

It applies to both the above known processes that the waste water 
introduced into the clarification zone should come from an aerobic 
treatment zone as an influx from an anoxic zone would result in a 
relatively high NH 3 content in the effluent from the clarification 
tank. 

The practical application of the above known processes requires that 
15 the ratio of nitrification time to denitrification time is mainta- 
ined at about 1,67:1 or higher in order to maintain the NH 3 concen- 
tration in the purified waste water at a desirably low level. 



10 



20 



Such a ratio of nitrification time to denitrification time causes 
relatively drastic variations in the ammonia and the nitrate concen- 
trations in the aerobic treatment zone as will appear from Figure 1 
which shows the variations in the ammonia and nitrate concentrations 
in the aerobic treatment zone of a plant for carrying .out the 
process according to GB patent No. 1.404.565 over a cycle period of 
25 240 minutes and from Figure 2 which shows the variations in both the 
ammonia, the nitrate and the phosphate concentrations in the aerobic 
treatment zone of a plant for carrying out the process according to 
DE patent application No. 3427310.7 over a cycle period of 240 
minutes. 



30 



As will appear from the above, concurrently with a treatment zone 
being aerated (aerobic treatment of the waste water) in order to 
obtain nitrification, organic matter is oxidized which oxidation has 
no effect as regards the purification of the waste water with 
35 respect to nitrogen and phosphorus. This oxidation of organic matter 
is undesirable as it may cause such a reduction in the organic 
matter content of the waste water that the remaining amounts of 
organic matter are insufficient for carrying out the subsequent 
denitrification. 
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The invention is based on the discovery that the introduction of the 
waste water which has undergone alternating anoxic and aerobic 
treatments into a further treatment zone in which it is subjected 

5 solely to aerobic treatment before it is passed on to the clarifi- 
cation zone allows for a limitation of the period in which the waste 
water is treated under aerobic conditions during the alternating 
anoxic and aerobic treatments in the two treatment zones, and thus 
presents several advantages, such as an increased utilization of the 

10 carbon content of the crude waste water and smaller variations of 
the ammonia and nitrate concentrations of the purified waste water. 

Thus, the process according to the invention is characterized in 
that the waste water following the alternating anoxic and aerobic 
15 treatments in the two treatment zone is passed into an additional 
treatment zone wherein it is solely subjected to an aerobic 
treatment before it is introduced into the clarification zone. 

As will appear from the above, denitrification is the process in 
20 which the actual removal of nitrogen is effected, i.e. by the 
conversion of nitrate into free nitrogen (N 2 ) which is liberated in 
gaseous form. 

Nitrogen removal requires the presence of nitrate thus presupposing 
25 initial nitrification wherein nitrogen in the form in which it 
ordinarily occurs, in waste water, viz. as dissolved ammonia, is 
converted into nitrate. 

If oxygen rich (aerobic) conditions are establ i shed in order to 
30 obtain a high degree of nitrification (nitrate formation) a concur- 
rent strong oxidation of the organic matter contained in the waste 
water will be effected and when a subsequent denitrification is to 
be carried out, shortage of organic matter may occur thus disconti- 
nuing the formation of free nitrogen and removal of nitrogen. 



35 



Therefore, it is inconvenient that the nitrification is carried out 
concurrently with the introduction of waste water (containing 
organic matter) into a treatment zone in the same tank. 
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By subjecting the partially purified waste water to an aerobic 
treatment following the alternating anoxic and aerobic treatments a 
nitrification may be carried out smoothly thus affording complete 
5 utilization of the organic matter remaining in the waste water for 
the denitrifi cation. 

Such denitrification results in a relatively low and substantially 
stable ammonia content of the waste water, a somewhat higher but 
10 more uniform nitrate content. This will become apparent from Figure 
3 which illustrates the ammonia content and from Figure 4 which 
illustrates the nitrate content as a function of time in the outlet 
of a plant according to GB patent No. 1404565 and of a plant accor- 
ding to the invention. 

15 

The process of the invention presents the additional advantage that 
the ratio of nitrification time to denitrification time can be 
freely selected thus permitting the denitrification time to consti- 
tute more that 50% of the total operation time which is the maximum 
20 denitrification time in the known processes. An increase of the 
denitrification time affords maximum utilization of carbon and at 
the same time permits discharge from an aerobic treatment zone. 

The process according to the invention presents the further techni - 
25 cal advantage that the concurrent removal of nitrogen and phosphorus 
results in a substantially increased reduction of the phosphorus 
content of the treated waste water. This will appear from Figure 5 
which shows the phosphorus content (in the form of orthophosphate) 
as a function of time in the outlet a plant according to GB patent 
30 No. 1404565 and of a plant according to the invention. 

The establishment of aerobic conditions in the additional treatment 
zone may be effected by methods known per se, e.g. by the introduc- 
tion of air under pressure into the waste water or by whipping air 
35 into the waste water. 

The invention further relates to a plant for carrying out the above 
described process. 
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The plant according to the invention comprises at least two treat- 
ment tanks having means for the transport of waste water from one 
tank to the other and being constructed so as to establish alter- 
nating aerobic and anoxic conditions in each tank, means for alter- 
natingly introducing waste water into the tanks, means for alterna- 
tingly passing waste water from the tanks to a clarification tank, 
and means for recycling sludge from the clarification tank to the 
waste water which is introduced into a treatment tank, the plant 
being characterized in that it comprises an additional tank which is 
connected partly to the two treatment tanks and partly to the 
clarification tank and constructed so as to permit the establishment 
of aerobic conditions therein. 

A particularly preferred plant according to the invention which is 
suitable for the removal of both nitrogen and phosphorus from waste 
water is characterized in that it comprises a further tank having 
with means for the introduction of waste water into the tank and 
means for alternatingly passing waste water from the tank to one of 
the two treatment zones and which is constructed so as to permit the 
establishment of anaerobic conditions therein. 

In the following the invention will be described with reference to 
Figures 6 and 7 which schematically illustrate preferred embodiments 
of the plant according to the invention. 

The plants illustrated in Figures 6 and 7 comprise two treatment 
tanks 1 and 2 having conduits 3 and 4 for the introduction of waste 
water, and conduits 5 and 6 for the discharge of waste water into* an 
additional tank 7. The tank 7 is connected to a clarification tank 9 
through a conduit 8, the clarification tank 9 having an outlet 
conduit 11 for purified waste water and a recycle conduit J2. The 
treatment tanks 1 and 2 are inter-connected through conduits 13 and 
14. 

The plant shown in Figure 6 further comprises a manifold 15 which is 
connected to the conduits 3 and 4 and a supply conduit 16 for non- 
treated waste water. The recycle conduit 12 is also connected to the 
manifold 15. 
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The plant shown in Figure 7 comprises an additional treatment tank 
17, which like the manifold 15 is connected to a supply conduit 18 
for non-treated waste water and which is connected to the conduits 3 
5 and 4 and the recycle conduit 12. 

The plant illustrated in Figure 6 operates as follows: 

Non-treated waste water is introduced into the manifold 15 through 
10 the supply conduit 16 wherein it is mixed with recycled sludge 
introduced through the recycle conduit 12. The sludge containing 
waste water is alternatingly fed into the tanks 1 and 2 through the 
conduits 3 and 4. In phase 1 the waste water is passed to the tank 1 
wherein anoxic conditions are provided. From the tank 1 the waste 
15 water is passed through the conduit 13 into the tank 2 wherein 
aerobic conditions are provided. 

In phase 1 waste water is passed from the tank 2 through the conduit 
6 to the tank 7 wherein constantly aerobic conditions are maintai- 
20 ned. From the tank 7 the treated waste water passes on to the 
clarification tank 9 wherein a separation of purified waste water, 
which is removed though the conduit 11, and sludge is effected, at 
least a part of the sludge being recycled through the conduit 12 to 
the manifold 15. 

25 

In phase 2 waste water is passed from the manifold 15 through the 
conduit 4 to the tank 2 wherein anoxic conditions are now maintained 
and further on through the conduit 14 to the tank 1 wherein aerobic 
conditions are maintained. From the tank 1 the waste water is passed 
30 through the conduit 5 to the tank 7 and further on into the clarifi- 
cation tank 9 and it is subjected to the above described treatments 
in said tanks.. 

The operation mode of the plant shown in Figure 7 is identical with 
35 that of the plant according to Figure 6 with the exception that the 
waste water is subjected to an anaerobic treatment subsequent to its 
introduction into the tank 17 through the inlet 18 and prior to its 
introduction thereof into, the tank 1 (phase 1) or to the tank 2 
(phase 2), and is further treated as described above. 
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Claims 

1. A process for the biological purification of waste water by the 
active sludge method, wherein the waste water is contacted with 
microorganisms in two treatment zones by being alternatingly intro- 
duced into said treatment zones and being treated under alternating 
anoxic and aerobic conditions and wherein the waste water thus 
treated is introduced into a clarification zone to separate sludge, 
at least a part of the separated sludge being recycled and mixed 
with non-treated waste water, characterized in that the 
waste water following the alternating anoxic and aerobic treatments 
in the two treatment zones is passed into an additional treatment 
zone wherein it is solely subjected to an aerobic treatment before 
it is introduced into the clarification zone. 



2. A plant for carrying out the process according to claim 1, 
comprising at least two treatment tanks having means for the trans- 
port of waste water from one tank to the other and being constructed 
so as to establish altenating aerobic and anoxic conditions in each 
tank, means for alternatingly introducing waste water into the 
tanks, means for alternatingly passing water from the tanks to a 
clarification tank, and means for recycling sludge from the clarifi- 
cation tank to the waste water which is introduced into a treatment 
tank, characterized in that it comprises an additional 
tank which is connected partly to the two treatment tank and partly 
to the clarification tank and constructed so as to permit the 
establishment of aerobic conditions therein. 

3. A plant according to claim 2 f characterized in 
that it comprises a further tank having means for the introduction 
of waste water into the tank and means for alternatingly passing 
waste water from the tank to one of the two treatment zones and 
which is constructed so as to permit the establishment of anaerobic 
conditions therein. 
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